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Locomotive  Development 


A  paper  read  by 

S.  M.  VAUCLAIN 
President,  The  Baldwin  Locomotive  Works 

before  the 

American  Railway  Association 

MECHANICAL  DIVISION 
Master  Car  Builders  Master  Mechanics 

Chicago,  June  20,  1923. 


GENn.Eia:N  of  the  American  Railway  Association,  Mechanical 
Division:— 

I  have  been  invited  to  deliver  an  address  on  the  "Development  of  the 
Locomotive,  the  Neceasity  for  Its  Development  and  the  Improvements 
Necessary  to  Assist  in  the  Transportation  ProUems  <rf  this  Comitiy." 

This  is  quite  a  large  subject  to  be  disposed  of  in  a  very  short  space  <rf 
time,  and  I  know  that  most  of  those  present  are  thoroughly  familiar  with  the 
history  of  the  locomotive  and  the  necessities  which  led  to  its  conception,  as 
well  as  some  of  the  difficulties  that  were  surmounted  in  its  introduction  as  a 
public  servant.  This  it  has  continued  to  be  for  more  than  one  hundred  years 
with  an  ever^ncieasing  intensity  in  its  devotion  to  the  business  world. 

Transportation,  however,  has  been  and  always  will  be  a  governing  factor 
of  prosperity.  Those  countries  favored  witii  superior  transportation  facilities 
will,  other  things  being  equal,  prosper  to  a  much  greatwr  extrait  than  those 
where  such  facilities  are  more  or  less  limited.  Railway  tramportatimi  has 
made  the  United  States  what  it  is  today.  Practically  all  other  forms  of 
transportation  have  been  superseded,  and  many  of  the  water  systems  of 
transportation  formerly  in  use  have  been  abandoned.  Quantity  and  quality 
are  the  o(mstant  cry  and  can  only  be  met  by  superior  equipment  which  the 
seienoe  of  railway  engineering  has  made  possible  for  the  great  railway  systems 
of  our  country  to  employ. 
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"  ^ 

Cvmm'A  Stkau  CAiooAes,  1771 


As  far  as  is  known,  the  first  vehicle  to  be  actually  propelled  by  steam 
was  a  gun  carriage  built  by  Nicholas  Cugnot,  in  Paris  in  1771,  while  the  first 
locomotive 'designed  to  run  upon  rails  was  built  in  1803  by  Richard  Trevithidc, 


Tsxttibick's  Locoiumvs.  1803 


a  name  that  is  still  associated  with  the  locomotive  industry  in  England;  a 
name  that  has  received  distinction  as  well  in  other  countries,  principally 
Egypt  and  Japan. 
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Strange  to  say,  the  first  successful  effort  in  locomotion  by  steam  in  America 
was  the  "Oructor  Amphibolis,"  constructed  by  Oliver  Evans  in  the  City  of 
Philadelphia  in  1804.   Mr.  Evans'  shops  occupied  the  ground  on  whidi  the 

United  States  .Mint  now  stands;  a  site  now  surrounded  by  the  buUdini^  (tf 
the  present  Baldwin  Locomotive  Works,  operating  night  and  day,  continuing 
the  industry  originated  by  Evans  on  this  very  spot.  This  locomotive  waa 
really  a  dredging  scow  designed  to  run  on  land  or  water,  but  principally  to 
navigate  the  rivers  between  which  Philadelphia  lies.  In  order  to  get  it  from 
the  factory  to  the  river  it  became  necessary  to  use  it  as  a  locomotive  that 
would  operate  on  the  stieets  and  without  rails  to  guide  it.  Its  performance 
was  successful,  but  its  utility  questionable.  Even  at  that  time  Mr.  Evans 
realized  the  advant^  of  using  a  high  steam  pressiue  and  expanding  it  in  the 
cylinder  so  as  to  obtain  some  greater  economy  in  its  use. 

It  would  be  useless  to  attempt  to  trace  the  development  of  the  locomotive 
in  foreign  lands,  as  a  more  complete  understanding  can  be  had  in  this  short 
time  by  reviewing  briefly  the  progress  made  in  the  development  in  this 
country,  of  this  very  wonderful  power  house  for  locomotion. 


Ssooin's  LoooMonvB,  1S27 


Mention  sliould  be  made,  however,  of  the  first  locomotive  with  a  hori- 
zontal multitubular  boiler,  built  by  Seguin  in  France  in  1827;  and  also  of  the 
famous  *'Rocket,"  constructed  in  England  by  George  Stephenson  in  1829. 
This  locomotive  was  awarded  the  prize  in  a  contest  on  the  Liverpool  and 
Manchester  Riulway.  It  was  the  first  locomotive  to  combine  three  basic 
features  which  we  stUl  univ^sally  employed,  viz.;  a  horizontal  multitubular 
bofler,  pistons  directly  connected  to  the  driving  wheels,  and  the  use  of  the 
exhaust  steam,  which  was  disdiarged  up  ttie  stack,  to  furnish  a  draft  for  the 
fire,  and  thus  make  possible  the  generation  of  large  quantities  <rf  steam  in 
proportion  to  the  size  of  the  boiler  and  draft  mt^ty. 

The  various  experiments  and  attempts  in  this  early  period  to  apply  steam 
locomotives  to  the  uses  of  transportation  in  the  United  States  were  more  or 
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Stephenson's  "Hocket,"  1829 


less  successful.  Those  of  foreign  construction  imported  for  the  purpose  gave 
results  that  were  sufficiently  satisfactory  to  interest  the  brightest  engineering 
nunds  in  the  country  and  influence  them  to  attempt  the  construction  of 


Tbex  "Stoitbbbidox  Lion,"  1820 


American-built  locomotives.  The  first  locomotive  to  be  used  in  the  United 
States,  however,  was  built  in  England  and  was  named  tiie  "Stourbridge  lion." 
It  made  a  few  tsips  (m  the  Delaware  and  Hudson  Canal  Company's  road  at 
Honesdale,  Pa./ in  1829,  but  was  conski^red  too  heavy  for  the  track  and 

bridges,  and  was  soon  withdrawn  from  service. 
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Ptor  Cootbe'a  "Tom  Tkoicb,"  1833 

The  first  locomotive  actually  built  in  America  was  the  ''Tom  Thumb/' 
designed  by  Peter  Cooper,  a  merchant  of  Baltimore,  and  used  experimentally 
on  the  Baltimore  and  Ohio  in  1830.  It  was  about  the  size  id  a  hand  car, 
but  it  doDEionstTated  the  practicability  <rf  steam  as  a  motive  power.  Thai 


Thb  **  BsCT  FusMD,**  1830 


came  the  ^^Best  Friend/'  the  first  loccmiotive  built  for  commerdal  purposes 
in  this  country,  constructed  in  1830  at  the  West  Point  Foundry  in  New 
York  for  the  South  Carolina  Railroad.   This  engme  was  very  successful  for 

about  seven  months,  when  its  boiler  unfortunately  exploded,  becat^  the 
fireman  became  annoyed  at  the  blowing-off  of  steam  at  the  safety  valve  and 
weighted  down  the  lever  to  ease  his  mind. 

''Old  Ironsides''  was  built  by  Matthias  Baldwin  and  put  in  service  in 
1832  on  the  Philadelphia,  Germantown  &  Norristown  Railroad.  Its  weight 
was  five  terns.  It  was  Imilt  tmder  great  difficulties.  Its  operation^  all  things 
coimideredr  was  micoessful.  It  was  quite  a  while  hdare  the  office  oi 
the  Company  would  permit  this  locomotive  to  go  out  in  the  rain;  on  rainy 
days  horses  were  used,  but  one  day  it  was  cau^t  out  cm  the  rails  'mhen  the 
rain  descended,  and  proved  its  abiUty  to  operate  under  such  discouraging 
circumstances.    The  American  locomotive  has  been  out  in  the  rain  ever 
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BAunrm'B  *'Ou»  laoirairas,''  1882 


since.  It  will  be  noted  that  "Old  Ironsides"  had  its  driving  wfaeds  ahead 
of  the  firebox,  with  one  large  pair  of  carrying  wheels  supporting  the  front 
end  of  the  engine.   This  added  greatly  to  its  adhesive  quaUties. 


Baldwin  Locomotive  of  1834 


The  further  development  of  the  locomotive  by  Mr.  Baldwin  led  him  to 
introduce  a  four-wheeled  truck,  and  in  this  design  the  driving  wheels  were 
placed  behind  the  firebox,  which  materially  reduced  the  adhesion  for  traction 
purposes.  The  truck  had  first  been  used  by  John  B.  Jervis  in  1831,  and  it 
provided  the  flexibility  of  wheel-base  so  essential  to  locomotives  that  operated 
on  the  sharp  curves  and  imeven  tracks  of  that  period. 

The  d^pmeers  of  timt  day  seem  to  have  realized  the  benefit  to  be  derived 
from  higlh  pressure  steam,  and  when  Mr.  Baldwin  introduced  ground  metallic 
joints  in  place  of  canvas  and  red  lead  jdnts  for  steam  pipes,  he  opwed  the 
way  for  those  who  were  to  follow  him  in  future  and  employ  still  higher  steam 
pressure. 
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Eaut  Nosbxs  LoooMonvB 

About  this  time  the  Norris  Locomotive  Works  were  eirtaUidied.  liCr. 

Norris  succeeded  in  building  a  locomotive  of  the  same  total  weight  as  Mr. 
Baldwin's  engine  but  of  greater  hauling  power,  by  using  a  four-wheeled  trudc 
and  placing  the  driving  wheels  in  front  of  the  firebox,  so  that  a  greater  portion 
of  the  weight  of  the  engine  was  utiUzed  for  traction.  The  next  logical  step 
in  locomotive  development  in  order  to  gain  power  was  to  use  two  pairs  of 
drivmg  wheels,  pladng  om  pair  in  fnmt  <rf  the  firebox  and  one  behind  it. 


Campbell's  Eight-whekled  Locomotive,  1836 


lllis  was  done  by  Henry  R.  GampbeU  in  1836,  who  designed  the  first 

(4-4-0)  type  locomotive,  and  had  such  a  machine  built  by  James  Brooks  <rf 

Philadelphia.  This  locomotive  had  no  equalizing  beams  between  the  two 
pairs  of  driving  wheels  and,  therefore,  did  not  perform  very  satisfactorily. 
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BAWwm'B  "Old  iBcnrsiDas,"  1832 


since.    It  will  be  noted  that  "Old  Ironeddes''  had  its  driving  wheels  ahead 

of  the  firebox,  with  one  large  pair  of  carrying  wheels  supporting  the  front 
end  of  the  engine.    This  added  greatly  to  its  adhesive  quahties. 


Baldwin  Locomotive  of  1834 


The  further  development  of  the  locomotive  by  Mr.  Baldwm  led  hun  to 
introduce  a  four-wheeled  truck,  and  in  this  design  the  driving  wheels  were 
placed  behind  the  firebox,  which  materially  reduced  the  adh<;sion  for  traction 
purposes.  The  truck  had  first  been  used  by  John  B.  Jervis  in  1831,  and  it 
provided  the  flexibUity  of  wheel-base  so  essential  to  locomotives  that  operated 
on  the  sharp  curves  and  uneven  tracks  of  that  period. 

The  engineers  of  that  day  seem  to  have  realized  the  benefit  to  be  derived 
from  high  pressure  steam,  and  when  Mr.  Baldwin  introduced  ground  metallic 
joints  in  place  of  canvas  and  red  lead  jMnts  for  steam  pipes,  he  opened  the 
way  for  those  who  were  to  follow  him  in  future  and  employ  still  higher  steam 
pressure. 
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Early  Nobxus  Locomotivs 

About  tills  time  the  Norris  Locomotive  Worios  were  established,  Mr. 
Norris  succeeded  in  building  a  locomotive  of  the  same  total  weight  as  Mr. 

Baldwin's  engine  but  of  greater  hauling  power,  by  using  a  fouivwheded  tnu^ 
and  placing  the  driving  wheels  in  front  of  the  firebox,  so  that  a  greater  portion 
of  the  weight  of  the  engine  was  utilized  for  traction.  The  next  logical  step 
in  locomotive  development  in  order  to  gain  power  was  to  use  two  pairs  of 
driving  wheels,  placing  one  pair  in  front  of  the  firebox  and  one  behind  it. 


Campbell's  Eioht-whbeled  Locomotive,  1836 


This  was  done  by  Henry  R.  Campbell  in  1836,  who  dedgned  ttie  first  American 

(4^-0)  type  locomotive,  and  had  such  a  machine  built  by  James  Brooks  of 
Philadelphia.  This  locomotive  had  no  equahzing  beams  between  the  two 
pairs  of  driving  wheels  and,  therefore,  did  not  perform  very  satisfactorily. 
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In  1837,  however,  Garrett  &  Eastwick  of  Philadelphia  built  a  locomotive  for 
the  Beaver  Meadow  Railroad,  and  introduced  an  equalizing  bar  between  the 


Gabrktt  and  EAflTWiac  Locomotitb  1837 


two  pairs  of  drivers,  whidi  device  waa  patented  by  Joseph  Harriscm,  Jr., 
who  later  became  a  member  of  the  firm  known  as  Eastwick  db  Haniscm. 

Quick  to  perceive  the  value  of  this  device,  Mr.  Baldwin  was  so  pleased  with 
it  that  he  purchased  from  Eastwick  &  Harrison  the  right  to  use  and  apply 
it  to  all  the  locomotives  he  might  thereafter  build. 


Baldwin  Flexible  Beau  Tbuck 


LocoMonvK  Dbvelopmbnt 
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Baldwin  Six-Cootlbd  LocouomrK,  1842 


Baldwin  Eight-Coupuui  Loooiio«nr«t  1846 


Ross  WiNANs*  EioBT-CounxD  iMOHonw,  1846 


Mr.  Baldwin,  ever  aggressive,  fdt  tiiat  for  moving  the  heavy  fnffic  which 
the  railways  then  were  called  upon  to  handle  required  loctwnotives  of  greater 

power  than  any  previously  built.  He  conceived  the  idea  of  a  flexible  beam 
truck  which  would  enable  him  to  build  locomotives  with  six  coupled  wheels. 
Such  locomotives  were  put  in  service  in  1842,  and  in  the  year  1846  had  grown 
into  a  design  using  eight  coupled  drivers,  the  first  two  pairs  being  combined 
in  the  flexible  truck.   The  largest  locomotives  of  this  type  weighed  about  30 
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tons.  Robs  Winans,  of  Baltunore,  in  this  same  year  produced  a  looomotive 

with  four  pairs  of  drivers  coupled,  but  very  compactly  grouped  and  held  in  a 
rigid  frame.  It  is  therefore  doubtless  due  to  his  courage  that  there  was  intro- 
duced and  generally  adopted  the  rigid  frame  construction  now  employed  in 
our  most  powerful  locomotives.  The  most  notable  of  these  Winans  locomo- 
tives were  the  famous  Camel  engines,  which  were  among  the  most  powerful 
freight  haulers  of  their  day  and  were  built  in  large  numbexs  up  to  1860. 


A  Ross  WiKANs*  **CUjcki/*  or  1S61 


The  "Gov.  Pains/'  built  fob  the  Central  Vermont  Railboad  in  1849 

In  the  late  *40's  and  early  '50's  the  public  desire  for  more  rapid  passenger 

service  led  to  the  employment  of  large  driving  wheels  for  this  class  of  trans- 
portation. Mr.  Baldwin,  first  in  the  field  with  the  '*  Governor  Paine,"  gave 
great  impetus  to  the  desire  for  better  passenger  locomotives.  James  Milhol- 
land,  of  the  Philadelphia  &  Beading  Railway  Co.,  whose  work  in  the  develop- 
ment of  the  locomotive  will  pass  down  into  history,  in  1852  conatructed  for 


MxumJUxm  Fabx  Passengeb  Locomotive,  1852 

that  Raflway  passenger  engmes  having  driving  wfaeete  7  feet  in  diameter.  In 
detail  of  design,  the  Milholland  engines  were  imdoubtodfy  among  the  finest 

of  their  time.  .  •»  m 

The  '^Tiger/'  built  by  Mr.  Baldwin  in  1856,  for  the  Pennsylvania  Rail- 
road Company,  was  one  of  the  most  successful  passenger  locomotives  of  that 


"Tn  TxWBt"  TrnmrnrjaoM.  RAitaaiD.  1856 


period.  It  used  wood  for  fuel  and  its  total  weight  was  some  28  tons.  Jn  this 
same  year  an  engine  of  this  type  was  built  for  service  in  the  South  and  is  still 
working  every  day  at  Valdosta,  Ga.,  being  in  its  sixty-eighth  year.  It  may 
be  worth  while  to  meaition  that  this  locomotive  was  born  the  same  year  as  the 
speaker,  and  like  your  humble  servant,  while  showing  somewhat  the  ravages 
df  time,  is  still  able  to  make  some  smoke. 

During  the  period  of  the  Civil  War  almost  anything  that  would  run  on 
wheels  in  the  shape  of  a  locomotive  was  aooeptable.  Many  lemodelingB  were 
made  of  antiquated  structures,  and  looomotive  dmgp^  became  quite  as 
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A  Baldwin  Locxmorvb  Buujt  in  1856  and  Stiix  in  Sksvics 


Lajxd  Ovidb  as  Amjm  to  a  Moomr  LoeoMonrs 

numerous  as  the  locomotiveB  themselves.  John  P.  Lairdi  at  the  Altocma 
Shops  of  the  Pennsylvania  Railroad  Company,  was  most  active,  and  some  of  his 

improvements,  as  for  instance  the  Laird  guide,  exist  today.  Much  was  accom- 
plished, and  during  the  years  intervening  some  of  our  railway  systems  began 
to  consider  standardization  of  their  power.  This  was  most  consistently  and 
determinedly  put  in  force  by  the  Pennsylvania  Railroad  Company,  and  the 
changes  of  types  on  that  system,  while  made  regularly  in  order  to  keep  abreast 
id  the  times,  have  always  been  givra  the  most  conservative  ccmakieration 
before  adoption. 

It  was  not  until  1877  Uiat  mterest  was  taken  by  the  Fhiladeli^  and 
Reading  Raflway  in  locomotives  to  burn  the  refuse  anthradte  coal  then 
produced  in  large  quantities  at  the  mines,  and  for  which  no  market  was  avail- 
able.   The  first  locomotive  of  this  character  was  designed  by  John  E.  Wootten, 
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WqpTTEN  TxPE  Boiler,  1877 

of  the  Railway  Company,  and  was  quite  successful  It  was  at  that  tune 
considered  quite  an  innovation;  but  owing  to  the  increased  demand  since 
made  upon  the  steam  generators  of  locomotives,  the  use  of  the  Wootten 
boiler  has  developed  what  is  known  as  the  wide  firebox  boiler,  now  used  with 
all  kinds  of  fuel  and  in  all  dasses  of  service.  The  Wootten  design  was  a  great 
d^Mirture  and  in  my  oi»nkm  did  more  for  devek>pment  and  increased  locomo- 
tive poww  than  any  oth«  imiHrovemrat  of  that  period.  It  was  quite  a  while 
before  the  merits  of  this  construction  w^  acknowledged,  but  it  is  now  uni- 
versally used. 

The  desire  for  high  speed  with  large  trains  where  great  tractive  pow» 
was  not  necessary,  led  to  the  introduction,  m  1894,  of  what  is  known  as  the 


Anumc  Ttpb  Locohotiva.  Axujxtiq  Coaat  Line 

Atlantic  type  locomotive,  built  to  meet  the  requirements  of  the  Atiantic 
Coast  I  ine.   This  type  was  so  successful  that  it  became  almost  univ^sally 

employed  in  passenger  service,  though  under  various  names  such  as  the 
Central  Atlantic  type,  Chatauqua,  etc.    The  underlying  prindple  in  each 
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A  Baij>win  Locx>iionv£  Built  in  1856  anp  Still  in  Sb&vick 


Laibd  Gmos  as  appubd  to  a  Mosobbh  LocoMonvB 


numerous  as  the  locomotives  themselves.  John  P.  Laird,  at  the  Altoona 
Shops  of  the  Pennsylvania  Railroad  Company,  was  most  active,  and  some  of  his 

iinprovenicnts,  as  for  instance  the  Laird  guide,  exist  today.  Much  was  accom- 
plished, and  (hiring  \  hv  velars  intervening  some  of  our  rail\va>'  systems  began 
to  consider  standardization  of  their  power.  This  was  most  eonsistently  and 
determinedly  put  in  force  by  the  Pennsylvania  Railroad  Company,  and  the 
changes  of  types  on  that  s>'stem,  while  made  regularly  in  order  to  keep  abreast 
of  the  times,  have  always  been  given  the  most  conservative  consideration 
before  adoption. 

It  was  not  until  1877  that  interest  was  taken  by  the  Philadelphia  and 
Reading  Railway  in  locomotives  to  bum  the  refuse  anthracite  coal  then 
produced  in  larj^e  (|uantities  at  the  mines,  and  for  which  no  market  was  avail- 
able.   Tiie  first  locomotive  of  tliis  character  was  designed  by  John  E.  Wootten, 
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Wootten  Type  Boiler.  1877 

of  the  Railway  Company,  and  was  quite  successful.  It  was  at  that  time 
considered  quite  an  innovation;  but  owing  to  the  increased  demand  since 
made  upon  the  steam  generators  of  locomotives,  the  use  of  the  Wootten 
boiler  has  developed  what  is  known  as  the  wide  firebox  boiler,  now  used  with 
all  kinds  of  fuel  and  in  all  classes  of  service.  The  Wootten  design  was  a  great 
depicture  and  in  my  opinion  did  more  for  development  and  increased  locomo- 
tive power  than  any  other  improvement  of  that  period.  It  was  quite  a  white 
before  the  merits  of  this  construction  were  acknowledged,  but  it  is  now  uni- 
versally  used. 

The  desire  for  high  speed  with  large  trains  where  great  tractive  power 
was  not  necessary,  led  to  the  introduction,  in  1894,  of  what  is  known  as  the 


Atlantic  Ttpb  Locomotivk.  Atlantic  Coast  Line 

Atlantic  type  locomotive,  built  to  meet  ilie  requirements  of  the  Atlantic 
Coast  T  ine.    This  type  was  so  successful  that  it  became  almost  universally 

emi)loyed  in  passenger  service,  though  under  various  names  such  as  the 
Central  Atlantic  type,  Chatauqua,  etc.    Tlie  underlying  prmciple  in  each 
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PAcmc  Tm  Locommm,  Bubungvosi  Brwrm 


MouHTAiN  Type  Pabsengbb  Locomotive.  Santa  Fb  System 


•ttn 


The  Original  Consolidation  Type  Locomotive, 
Lehigh  Valley  Railroad,  1866 

case  was  the  same,  namely,  the  use  of  the  trailing  wheel  to  carry  the  excess 
load  involved  by  the  employment  of  a  boiler  of  exceptional  steaming  capacity 
and  having  a  deep  fii^>ox  suitable  for  burning  bituminous  coaL 
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MoDKSM  Hbaty  CoKnoummoK  Tm  LoooHomB,  Wm&ma  Maryland  Railway 

The  increased  requirements  of  transportation,  i.  e.,  sustained  hii^ 
speeds  with  heavy  trains,  produced  what  is  now  commonly  known  as  the 
Pacific  (4-6-2)  type  locomotive,  which  is  in  general  use  throughout  the 
country  for  heavy  passenger  service.  For  the  heaviest  class  of  service  on 
steep  gradesi  the  Moimtain  (4-8-2)  type  is  now  being  successfully  employed. 

The  first  so-ealled  Ckmsolidaticm  type  locomotive,  built  by  The  Baldwin 
Loocmiotive  Works  in  1866,  was  named  in  honor  of  the  consolidation  of 
the  various  small  nulway  lines  now  ccminjang  tiie  I^high  Valley  Systrao. 
It  was  a  great  success,  and  upon  the  same  prindples,  Consdidaticm  kMsoinotives 
of  enormous  size  and  great  efficiency  have  continued  to  be  built. 

About  the  year  1889,  American  locomotive  desi^iers  became  deefdy 
interested  in  the  compounding  of  locomotives.  A  considerable  number  of 
compounds  of  various  types  had  been  built  and  operated  abroad.  Almost 
any  single  expansion  type  then  constructed  was  capable  of  having  compound 
CylinderB  of  some  design  Applied,  resulting  in  a  more  economical  performance. 


Mallkt  AsncuLATSD  Locmonrs,  Baltimom  ato  Ohio  Razlmad, 
SrAmam  Bbsidb  Mookl  of  SnvsmsOM's  ••Bucasi'* 

Among  the  various  types  in  use  abroad  were  four-cylinder  Mallet  locomotiv^ 
originally  designed  for  light  service,  and  later  built  in  large  sizes  for  use  in 
Russia.   The  first  locomotive  of  this  type  built  in  the  United  States  was 
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Mountain  Type  Passenoeb  Locomotive.  Santa  Fe  System 


The  Origival  Consolidation  Type  Locomotive, 
Lehigu  Valley  Railroad,  1866 


case  was  tln'  <anie,  namely,  the  use  of  the  trailing  wheel  to  carry  the  excess 
load  involved  by  the  employment  of  a  boiler  of  exceptional  steaming  capacity 
and  having  a  deep  firebox  suitable  for  burning  bituminous  coal. 
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MoDSRN  Hkavt  CcniaouDATiOM  Tm  Looouoiivs,  WaarBBH  Mabyi^o  Raiwat 

The  increased  requirements  of  transportation,  i.  e.,  sustained  high 
speeds  with  heavy  trains,  produced  what  is  now  commonly  known  as  the 
Pacific  (4-6-2)  type  locomotive,  which  is  in  general  use  through*  »ut  the 
country  for  heavy  passenger  service.  For  the  heaviest  class  of  service  on 
Steep  grades,  the  Mountain  (4-8-2)  type  is  now  being  successfully  empln\ed. 

Hie  first  so-called  Ck)nsolidation  type  locomotive,  built  by  The  Baldwin 
Locomotive  Works  in  1866,  was  nsmed  in  honor  of  the  consolidation  of 
the  various  small  railway  lines  now  compriang  the  Iiehigh  Valley  System* 
It  was  a  great  success,  and  upon  the  same  principles,  CJonsoUdation  locomotives 
of  enormous  size  and  great  efficiency  have  continued  to  be  built. 

About  the  >'ear  1889,  American  locomotive  designers  became  deeply 
interested  in  the  compounding  of  locomotives.  A  considerable  number  of 
compounds  of  various  types  had  been  built  and  operated  abroad.  Almost 
any  single  expansion  type  then  constructed  was  capable  of  having  compound 
cylinders  of  some  design  applied,  resulting  in  a  more  economical  performance. 


Mallet  Akticulated  Locomotive,  Baltimore  and  Ohio  Raxlboad, 
Standing  BEsn>E  Model  op  Stephenson's  "Rocket** 

Among  the  various  types  in  use  abroad  were  four-cylinder  Mallet  locomotives, 
originally  designed  for  Ught  service,  and  later  built  in  large  siz(»s  for  use  in 
Russia.    The  first  locomotive  of  this  type  built  in  the  United  States  was 
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purchased  by  the  Baltimore  &  Ohio  Railroad  Co.,  and  had  two  six-coupied 
units.  It  was  built  by  the  American  Locomotive  Company  and  was  exhib- 
ited at  the  St.  Louis  Exposition  in  1904,  and  later  operated  very  success- 
fully in  xuGuutaia  service.   But  inasmuch  as  this  was  a  single  locomotive^ 


Mallet  Articulated  Locomotive,  Great  Northern  Railway 
the  type  did  not  receive  the  attention  or  create  sufficient  interest  among  rail- 
way numageis  to  come  quickly  into  general  use;  and  it  wjis  not  until  1906, 
when  Mr.  James  J.  Hill,  of  the  Great  Northern  Railway  Co.,  purchased  five 
of  these  engiMB  on  my  leconmmidatum,  that  wide-spread  interest  in  the  type 
was  (seated.  In  ord^  to  get  a  proper  estimate  oi  Iheir  value,  he  isolated  them 
and  placed  them  on  oneiiection  of  the  Road,  removing  the  locomotives  of  all 


MAIXn  ABTICUUkTB&  L0C<»C0TtVB,  BAUrmOBB  AKD  Orio  Railmad 

other  types.  These  locomotives  were  equipped  with  leading  and  trailing  trucks, 
but  in  other  respects  were  of  the  same  type  as  the  locomotive  that  had  been 
previously  constructed  and  put  in  use  on  the  Baltimore  &  Ohio  Railroad. 
The  experiment  was  successful  and  Mallet  locomotives  for  steep  gradients  or 
extreme  conditions  of  traffic  became  popular  and  are  still  m  general  use. 


Compound  Fast  Passenger  LocoMonvn  Fhilaoblphia  A  RaA]>iirQ  Railwat 
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Notwithstanding  the  fact  that  compound  locomotives  proved  their 
economy  and  gave  wonderful  results,  so  far  as  economical  consumption  of 
fuel  in  freight  aervioe  and  high  speed  hauling  power  in  passenger  service 
were  concerned,  owing  to  the  clearance  limits  prescribed,  the  constantly 
increasing  size  of  locomotives  made  the  use  of  compound  cylinders  more  and 

more  difficult.  .  i  j  • 

The  use  of  superheated  steam  about  this  time,  however,  enabled  engmeas 
to  produce  locomotives  almost,  if  not  quite,  as  efficient  as  the  oonopoimd 
locomotives  had  proven  themselves  to  be,  and  to  still  further  enlarge  the 
size  of  units,  increase  their  power  and  maintain  a  most  satisfactory  per- 
formance. 


U.  S.  R.  A.  Mikado  Type  Locomotive  fob  Baltimorb  ai»1>  Ohio  Raiuboao 

In  this  connection,  mention  should  be  made  of  two  types  of  locomotives 
which  have  proved  particulariy  successful  in  heavy  freight  service.  These 
are  the  Mikado  (2*.2)  and  the  Saato  Fe  (2-10-2).  In  both  of  these  the 
trailing  wheel  principle  as  originated  in  the  Atlantic  type,  has  heea  apphed 
for  the  purpose  of  providing  mcreased  boiler  capacity.  Furtiiermore,  m 


2-10-2  Ttrm  LoooMonva.  Sootsoebh  PAcmc  CcuiPAirr 

frdght  and  pushing  service  there  is  an  added  advantage  in  the  trailer,  as 
it  provides  a  guide  when  running  backward.  Largely  for  this  reason,  the 
Mikado  type  has  proved  a  great  success  in  meeting  the  special  conditions 
found  in  logging  and  certain  other  classes  of  service  where  it  is  frequently 
necesBary  to  bade  into  sharp  curves  and  switches. 

The  standardiMition  of  locomotives  by  the  RaUway  Administration  was 
of  great  benefit,  as  the  consideration  of  tiie  designs  resulted  in  a  much  closer 
intercourse  and  exchange  of  thought  among  motive  power  men  tiian  could 
have  been  obtained  in  any  other  way;  and  while  none  of  the  classes  then 
developed  will  be  continued  in  their  entirety,  many  of  the  more  recent  loco- 
motive designs  have  as  their  bases  the  Administration  locomotives. 
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purchased  by  the  Baltimore  &  Ohio  Railroad  Co.,  and  had  two  six-coupled 
units.  It  was  built  by  the  American  Locomotive  Company  and  was  exhib- 
ited at  the  St.  Louis  Exposition  in  1904,  and  later  operated  very  success- 
fully in  luountain  service.    But  inasmuch  as  this  was  a  single  locomotive, 


Mali^  ARncTTiiATED  LOCOMOTIVE,  Great  Nobthbiw  Railwat 

the  type  did  not  receive  the  attention  or  create  sufficient  interest  among  rail- 
way nianajiiTs  to  come  quickly  into  general  use;  and  it  was  not  until  1900, 
when  Mr.  James  J.  Hill,  of  the  Great  Northern  Railway  Co.,  purchased  five 
of  these  engines  on  my  recommendation,  that  wide-spread  interest  in  the  type 
was  created.  In  order  to  get  a  proper  estimate  of  their  value,  he  isolated  them 
and  placed  them  on  one  section  of  the  Road,  removing  the  locomotives  of  all 


Maixibt  ABXicuukTBD  LocoitanvE,  Baltimore  and  Ohio  Uajlboao 
Other  types.   These  locomotives  were  equipped  with  leading  and  trailing  trucks, 
but  in  other  respects  were  of  the  same  type  as  the  locomotive  that  had  been 
])re\  i(Misly  constructed  and  put  in  use  on  the  Baltimore  &  Ohio  Railroad. 

The  exj)erinient  was  successful  and  Mallet  locomotives  for  steep  gradients  or 
extreme  conditions  of  traffic  became  popular  and  are  still  m  general  use. 


COMPOUMS  Fast  PASBENOEtt  LoCOMOmrE   PHII.ADStPSIA  &  RSADmO  RAttWAT 
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Notwithstanding  the  fact  that  compound  locomotives  proved  their 
economy  and  gave  wonderful  results,  so  far  as  economical  consumption  of 
fuel  in  freight  service  and  high  speed  hauling  power  in  passenger  service 
were  concerned,  owing  to  the  clearance  limits  prescribed,  the  constantly 
increasing  siae  of  locomotives  made  the  use  of  compound  cylinders  more  and 

more  difficult.  ^  .  i  j  ^ 

The  use  of  superheated  steam  about  this  time,  however,  enabled  engmeei^ 
to  produce  locomotives  ahnost,  if  not  quite,  as  efficient  as  the  compound 
locomotivi  s  had  proven  themselves  to  be,  and  to  stUl  further  enlarge  the 
size  of  units,  hicrease  their  power  and  maintain  a  most  satisfactory  per- 
formance. 


U.  S.  R.  A.  Mikado  Ttpb  Locomotivb  fob  BAi;rniOBB  and  Ohio  Raimoao 
In  this  connection,  mention  should  be  made  of  two  types  of  locomotives 
which  have  proved  particularly  successful  in  heavy  freight  service.  These 
are  the  Mikado  (2-8-2)  and  the  Santa  Fe  (2-10-2).  In  both  of  these  the 
trailing  wheel  principle  as  originated  in  the  Atlantic  type,  has  been  applied 
for  the  purpose  of  providing  increased  boUer  capacity.   Furthermore,  m 


2-10-2  TypB  Locomotive,  Soothebn  Pacific  Ct)MPA>iY 

freight  and  pushing  sen-ice  there  is  an  added  advantage  in  the  trailer,  as 
it  provides  a  guide  when  running  backward.  Largely  for  this  reason,  the 
Mikado  type  has  proved  a  great  success  in  meeting  the  special  conditions 
found  in  logging  and  certain  other  classes  of  service  where  it  is  frequently 
necessary  to  back  into  sharp  curves  and  switches. 

The  standardization  of  locomotives  by  the  Railway  Admuustratmn  was 
of  great  benefit,  as  the  consideration  of  tiie  designs  resulted  in  a  much  closer 
intercourse  and  exchange  of  thought  among  motive  power  mon  than  could 
have  been  obtained  in  any  other  way;  and  while  none  of  the  classes  then 
develoi)e(l  will  be  continued  in  their  entirety,  many  of  the  more  recent  loco- 
motive designs  have  as  their  bases  the  Administration  locomotives. 
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There  has  at  all  times  been  an  unceasing  effort  on  the  part  of  railway 
managers  to  use  locomotives  not  only  of  greater  capacity,  but  also  of  greater 
eccmomy.  Determined  and  loyal  Biq>port  has  been  givm  to  every  inventicm 
or  contrivazioe  intoided  to  improve  the  efficiency  of  the  locomotive  and  l&us 
enable  it  to  accomplish  more  work.  To  one  who  has  given  hk  whole  life  to 
this  work  and  who  has  had  opportimity  to  note  the  changes  made  from  time 
to  time  in  locomotive  designs  and  appliances,  the  modern  locomotive  may 
be  looked  upon  with  some  satisfaction;  but  also  with  a  realization  that  the 
end  has  not  been  reached,  and  that  the  inventive  genius  of  the  future  motive 
power  experts  will  considerably  change  its  form  and  increase  its  durability, 
efficiency  and  economy. 

When  the  Giffard  injector  supplanted  the  pump  for  forcing  water  into 
the  boiler,  it  proved  a  feed-water  regulatiiv  device  l^t  enaUed 
an  mffne&r  to  operate  his  looraiotive  witii  absolute  ocmfidence.  Now  these 
same  wonderful  devices  are  being  replaced  by  feed-water  heaters  and  purifim 
operated  by  exhaust  steam.  Can  we  not  expect  in  the  near  future  an  improve- 
ment that  will  purify  the  water  before  it  enters  the  pump  and  thus  prolong 
the  life  of  flues  and  fireboxes? 


Cab  \tmw  oar  Locoaionvs  Btmnm  wm  MacBAmoAX.  Svqob 
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When  the  size  of  locomotives  had  grown  beyond  the  endurance  power  of 
the  fireman  to  supply  coal  in  proper  quantity,  the  mechanical  stoker  came 
into  play  not  only  to  relieve  him  of  this  back-breaking  recreation,  but  also 
to  supply  the  requisite  amount  of  fuel  and  in  a  proper  manner  mechanically 
to  the  firebox.  The  superheater,  the  mechanical  stoker,  the  feed-water  heater 
and  the  power  reverse  gear  are  now  absolute  requirements  on  the  modem 
high  duty  looomotive.  The  American  firebrick  arch  in  its  perfected  form,  a 
perfection  that  has  required  some  fifty  jem  to  aocomplish  is  indispensable. 


AimiGAtr  Fnts-BsiCK  Abch 


The  "Boosteb"  Applied  to  a  Mikado  Ttpb  Looomotivb 

The  trailing  wheds  under  our  large  loeomotives,  some  of  them  carrying 
as  much  as  60,000  pounds  of  weight,  have  suggested  the  use  of  what  is  com- 
monly known  as  the  "Booster."  This  mechanicsl  contrivance  is  simply  a 
smaU  steam  engine  attached  to  the  locomotive  trailing  wheels,  automatiMlty 
controlled  so  that  the  weight  carried  by  the  trailing  wheels  can  be  utiKsed 
for  starting  of  heavy  trains  or  the  overcoming  of  short  grades  which  govern 
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Tliere  has?  at  all  times  been  an  unceasing  effort  on  the  part  of  railway 
managers  to  use  locomotives  not  only  of  greater  capacity,  but  also  of  greater 
economy.  Determined  and  loyal  support  has  been  given  to  every  invention 
or  contrivance  intended  to  improve  the  efficiency  of  the  locomotive  and  thus 
enable  it  to  accomplish  more  work.  To  one  who  has  given  his  whole  life  to 
this  work  and  who  has  had  opportimity  to  note  the  changes  made  from  time 
to  time  in  locomotive  designs  and  appliances,  the  modern  locomotive  nvdy 
be  looked  ui>on  with  some  satisfaction;  but  also  with  a  realization  that  the 
end  has  not  been  reached,  and  that  the  inventive  genius  of  the  future  motive 
power  experts  will  considerably  change  its  form  and  increase  its  durabilityi 
efficiency  and  economy. 

When  the  Giffard  injector  supplanted  the  pump  for  forcing  water  into 
the  boiler,  it  proved  a  feed-water  r^ulating  device  tihat  enabled 
an  engineer  to  operate  his  locomotive  with  absolute  confidence.  Now  tiiese 
same  wonderful  devices  are  being  replaced  by  feed-water  heaters  and  purifiers 
operated  by  exhaust  steam.  Can  we  not  expect  in  the  near  future  an  improve- 
ment that  will  purify  the  water  before  it  enters  the  pump  and  thus  prolong 
the  life  of  flues  and  fireboxes? 


Cab  ViBW  qv  Ix)comoiivs  Eqijotbd  wira  MmumcAh  Qvomm 
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When  the  size  of  locomotives  had  grown  beyond  the  endurance  power  of 
the  fireman  to  supply  coal  in  proper  quantity,  the  mechanical  stoker  came 
mto  play  not  only  to  relieve  Ixim  of  this  back-broaking  recreation,  but  also 
to  supply  the  requisite  amount  of  fuel  and  in  a  proper  iiiannc  r  mechanically 
to  the  firebox.  The  superheater,  the  mechanical  stoker,  tlie  feed-water  heater 
and  the  power  reverse  gear  are  now  absolute  requirements  on  the  modern 
high  duty  locomotive.  The  American  firebrick  arch  in  its  perfected  form,  a 
Ijerfection  that  has  required  some  fifty  years  to  aiseomphsh  is  indispensable. 


AMKRtCAN  FibB>BbICK  AbcB 


The  "Booster"  Applied  to  a  Mikado  Ttpb  Locomotivb 

The  trailing  wheeb  undear  our  large  locomotives,  some  of  them  carrying 
na  much  as  60,000  pomids  of  weight,  have  suggpsted  the  use  of  what  is  com^ 
monly  known  as  the  "Booster."  This  mechanical  contrivance  is  simply  a 
small  steam  engine  attached  to  the  locomotive  traUing  wheeb,  automatically 
controlled  so  that  the  weight  carried  by  the  trailing  wheels  can  be  utiUzed 
for  starting  ot  heavy  trains  or  the  overcoming  of  short  grades  which  govern 
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the  tonnage  that  can  be  hauled  over  certain  divisions  of  the  road«  By  t-hig 
means  trailing  wheel  locomotives  in  many  classes  of  service  can  be  made 
much  more  remunerative  in  their  operation  tium  when  not  80  equipped.  Hie 
inteoduction  of  this  device  is  beccnning  very  general  and  it  win  probably  be 
largely  used  in  the  future. 

For  many  years  the  locomotive  has  been  considered  by  the  layman  the 
most  extravagant  steam  user  and  coal  burning  device  in  existence.    This  is 


Dbcapod  Typ£  LocoHonv£«  FsNNaTLTANiA  Railboad 


entirely  erroneous.  The  Pennsylvania  Railroad  System  at  the  present  time 
is  having  built  475  locomotives,  as  shown  on  the  screen,  with  a  tractive  power 
of  87,000  pounds,  equipped  with  mechanical  stokers,  fire  brick  arches,  feed 
water  heaters  and  superheaters  of  the  most  advanced  type.  The  cylinders 
are  operated  at  half-HSferoke  cut-off  when  developing  full  tractive  power,  and 
the  coal  ocmsumptioB  per  hoiae  power  by  actual  test  is  equal  to  that  <rf  some 
<tf  our  best  electaical  pcm&  houses  where  turbines  and  condensers  are  emi^oyedy 
namely  an  indicated  horse^KmerJiour  for  1.83  pounds  of  coal.  Every  user 
of  locomotives  should  examine  carefully  the  construction  of  these  engines. 
Notwithstanding  the  fact  that  they  carry  250  pounds  of  boiler  pressure,  there 


SOiQIA  Expansion  Articulated  LocxmonvSt 
Peicnstlvakja  Railroad 

are  many  features  employed  worthy  of  g^eral  adoption.  The  high  boiler 
pressure  and  half-«troke  cut-off  are  also  employed  in  a  single  expanmcm 
articulated  locomotive,  built  by  the  Pennsylvania  several  years  ago  for  heavy 

mountain  service,  which  has  given  most  satisfactory  results. 


LocovonvK  Dbvblopmbnt 


A  successful  effort  is  now  bdmg  made  by  railway  managers  to  increase 
locomotive  mileage  by  increasing  tixe  length  of  runs,  and  on  a  number  of 

roads,  notably  in  oil-biu'ning  districts,  passenger  trains  are  being  run  over  five, 
six  or  seven  hundred  mile  divisions  without  eliaiige,  except  as  to  engine  crews. 
One  of  the  important  factors  responsible  for  the  success  of  this  method  of 
operation  is  tlie  use  of  hard  grease  as  a  lubricant,  as  this  has  eliminated  much 
of  the  ''oiling  around"  formerly  required  of  the  engineer. 

It  has  not  been  my  intention  to  omit  any  of  the  wonderful  achievements 
attained  by  the  designers  of  locomotives  in  the  wious  sections  of  the  country, 
or  to  overlook  the  exceedin^y  satisfactory  imd  hi|^  grade  productions  of 
other  locomotive  establishments.  My  effort  has  been  to  illustrate  to  you  all 
as  briefly  as  possible  the  rapid  advancement  in  locomotive  construction  during 
the  past  ninety  years,  or  during  the  life  time  of  The  Baldwin  Locomotive 
Works;  and  iiaturalh',  many  of  the  illustrations  I  have  shown  have  been 
selected  because  of  my  greater  familiarity  with  them. 

Locomotive  development  during  the  past  90  years  has  been  due  entirely 
to  the  constantly  increadng  demand  of  business  for  better  and  cheaper  trans- 
portation. The  railway  litems  we  now  enjoy  have  been  made  possible  by 
the  raterimse  of  our  'pioneer  railway  builds  of  the  past,  who  were 
courageously  supported  financially  by  the  public  as  investors.  The  people 
of  the  United  States  quickly  realized  the  prosperity  that  would  follow  the 
Iron  Trail.  Foreign  investors  were  quick  to  absorb  our  railway  securities 
and  the  20th  Century  found  us  far  better  equipped  with  transportation 
facihties  than  any  nation  in  the  world,  as  we  had— 

Better  Service — Greater  Safety — Cheaper  Rates. 

The  requirements  of  a  great  nation  had  been  met  by  the  energy,  the 
inventive  genius,  and  splradid  operatii^  ability  of  those  in  command.  This 
prosperity  was  naturally  noticeable  and  periutps  in  excess  of  that  p^*taining 
to  other  industries,  in  consequence  ot  which  the  economist  proceeded  to  get 
busy.  The  political  aspirants  to  fame  seized  upon  the  opportunity  offemi 
for  establishing  some  very  serious  opinions  among  our  business  friends.  The 
regulation  of  transportation,  as  to  quality  of  service,  methods  of  accounting 
and  regulation  of  rates  were  soon  paramount  considerations  and  indulged  in 
not  only  by  our  National  Legislators,  but  by  State  Governments  as  well.  The 
transportation  horse  was  well  curried  but  poorly  fed,  and  soon  its  bones  were 
more  in  evidence  than  before  so  called  sdentific  managemCTit  and  regulation 
had  been  introduced. 

What  WBB  intended  for  regulation  in  many  instances  proved  to  be  strangu- 
lation, but  by  superhuman  effort  our  great  transportation  lines  were  main- 
tained equal  to  our  business  requirements.  Tenninal  facilities  had  been 
perfected,  the  right  of  way  made  staunch  and  secure,  by  using  new  bridges, 
heavier  rails  and  all  other  underlying  requirements  for  the  operation  of 
maximum  cars  and  locomotives,  both  passenger  and  freight.  The  steel 
passenger  car  and  the  steel  freight  car  were  absolutely  necessary  to  provide 
the  safety  desired  by  the  public,  which  in  turn  made  it  imperative  to  produce 
the  present  modem  hi^  duty  power  houses  or  locomotives  now  being  made, 
witiiout  whidii  railway  operation  today  would  be  impossible,  and  the  general 
business  ot  our  country  be  reduced  to  but  a  fraction  of  what  we  now  enjoy. 
We  will  omit  the  General  Wreckage  caused  by  recmt  government  controL 
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the  t(nina*i('  that  can  bo  haubd  over  certain  divisions  of  the  road.  Bv  this 
means  trailin*;  whtn^l  locomotives  in  many  classes  of  service  can  be  made 
mucli  more  remunerative  in  their  operatioa  than  when  not  so  equipped.  The 
introduction  of  this  device  is  becoming  very  general  and  it  will  probably  be 
largely  used  in  the  future. 

For  many  years  the  locomotive  has  been  considered  by  the  layman  the 
most  extravagant  steam  user  and  coal  burning  device  in  existence.   This  is 


DscAPOD  Ttps  Locomotive,  Pennbtlvania  Rajuu>ad 


entirely  erroneous.   The  Pennsylvania  Railroad  System  at  the  present  time 

is  having  built  475  locomotives,  as  shown  on  the  screen,  with  a  tractive  p)ower 
of  87,000  pounds,  ecjuipped  with  mechunieal  stokers,  fire  briek  arches,  feed 
water  heaters  and  superheaters  of  the  most  advanced  type.  The  cylinders 
are  operated  at  half-stroke  cut-off  when  developing  full  tractive  power,  and 
the  coal  consumption  per  horse  power  by  actual  test  is  equal  to  that  of  some 
of  our  best  electrical  power  houses  wl^re  turbines  and  condensers  are  employed, 
namely  an  indicated  horse-power^iour  for  1.83  pounds  of  coal.  Every  user 
of  locomotives  should  examine  carefully  the  construction  oi  these  ^igines. 
Notwithstanding  the  fact  that  they  carry  250  pounds  of  boiler  pressure,  there 


Single  Expansion  Articulated  Locomoti\'e, 

PENNSTIiVANIA  RaILROAD 

are  many  features  employed  worthy  of  general  adoption.  The  high  boiler 
pressure  and  half-stroke  cut-off  are  also  employed  in  a  single  expansion 
articulated  locomotive,  built  by  the  Pennsylvania  several  years  ago  for  heavy 
mountain  service,  which  has  given  most  satisfactory  results. 


A  successful  effort  is  now  b(Mn<r  niade  l>\  railway  managers  to  increase 
locomotive  mileage  by  increasing  the  length  of  runs,  and  on  a  number  of 
roads,  notably  in  oil-burning  districts,  passenger  trains  arc  being  run  over  five, 
six  or  seven  hundred  mile  divisions  without  change,  except  as  to  engine  crews. 
One  of  the  important  factors  responsible  for  the  success  of  this  method  of 
operation  is  the  use  ol  hard  grease  as  a  lubricant,  as  this  has  elinunatful  inudi 
of  tin)  **oiliii»i;  around"  formerly  recjuired  of  the  engineer. 

It  has  nut  l^een  my  intention  to  omit  any  of  the  womlerful  a(;lut'vemciit< 
attained  by  iUv  designers  of  locomotives  in  the  various  sections  of  the  country, 
or  to  ov(Mlook  the  exceedingly  satisfactory  and  high  grade  productions  of 
other  locomotive  establishments.  My  effort  has  been  to  illustrate  to  you  all 
as  briefly  as  possible  the  rapid  advancement  in  locomotive  construction  during 
the  past  ninety  years,  or  during  the  life  time  of  The  Baldwin  Locomotive 
Works;  and  naturally,  many  of  the  illustrations  I  have  shown  have  been 
selected  because  of  my  great(T  faiiiiharity  with  tliem. 

Loconiolivi^  d(*velt>])mL;nt  duriuji  the  jiast  90  years  has  bean  due  entirely 
lo  the  constantly  increasin*;-  demand  of  business  for  belter  and  chea]>er  tran<- 
l>ortation.  The  railway  systems  wc  now  enjoy  liave  bfen  made  possible  l)y 
the  enterprise  of  our  pioneer  railway  buildtus  of  the  past,  who  were 
courageously  supported  financially  by  the  public  as  investors.  The  peopI(» 
of  the  United  States  quickly  realized  the  prosperity  that  would  follow  the 
Iron  Trail.  Foreign  investors  were  quick  to  absorb  our  railway  securities 
and  the  20th  Century  found  us  far  better  cquij^ped  with  transportation 
facilities  than  any  nation  in  the  world,  as  we  had — 

Better  Service — (ireater  Safety — Cheaper  Rates, 

Tlie  re(]uirements  of  a  *i;reat  nation  had  been  met  by  the  energy,  the 
inventive  genius,  and  splendid  operating  abilit\'  of  those  in  conmiand.  Tl»is 
prosperity  was  naturally  noticeable  and  perhaps  in  excess  of  that  jx'rtaininy; 
to  other  industries,  in  consequence  ol  which  the  economist  proceeded  to  jix^t 
busy.  TIk^  political  aspirants  to  fame  seized  upon  the  opportunity  olTtMcd 
for  establishing  some  very  serious  opinions  among  our  business  friends*  The 
regulation  of  transportation^  as  to  quality  of  service,  methods  of  accounting 
and  regulation  of  rates  were  soon  paramount  considerations  and  indulged  in 
not  only  by  our  National  Legislators,  but  by  State  Governments  as  well.  The 
transportation  horse  was  well  curried  but  |)oorly  fed,  and  soon  its  bones  wert* 
more  in  evidence  than  before  so  called  scientific  management  and  regulation 
had  been  introduced, 

A\  hat  was  intended  for  regulation  in  many  instances  proved  to  be  strangu- 
lation, but  by  superhuman  effort  our  great  transportation  lines  w(M'e  main- 
tained equal  to  our  business  requirements.    Terminal  facilities  liad  been 
perfected,  the  right  of  way  made  staunch  and  secure,  by  using  new  bridges, 
I  heavier  rails  and  all  other  underlying  requirements  for  the  operation  of 

maximmn  cars  and  locomotives,  both  passenger  and  freight.  The  steol 
passenger  car  and  the  steel  freip;ht  car  were  absolutely  necessary  to  ])rovide 
the  safety  desired  by  the  j)ublic,  which  in  turn  made  it  iinperative  to  pnulutu* 
the  preseid  m<»d(M'n  hi«^li  duty  |)ower  houses  or  locomotives  mow  l)eiiiti  made, 
without  which,  railway  operation  to<lay  woultl  l>e  impossil)le,  and  tlie  general 
business  of  our  country  be  reduced  to  but  a  fraction  of  wlutt  we  now  enjoy. 
We  wiU  omit  the  General  Wreckage  caused  by  recent  government  control. 
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The  large  expenditure  of  $1,540,000,000  this  year  by  the  Railway  Systems 
of  this  country  to  pertect  and  provide  their  facilities  to  enable  the  general 
business  of  the  country  to  proceed  without  interruption,  is  well  known  by 
all.  A  further  reflection  shows  that  an  annual  increase  of  7  per  cent  in  our 
requirements,  will  during  the  next  ten  years  require  at  least  a  7  per  cent 
increase  in  railway  consfanietion  and  equipment  in  order  to  keep  abreast  of 
the  demands  of  an  exactrng  pubfic.  In  other  words,  an  expenditure  of  ap- 
proximately $1,500,000,000  must  be  made  annually  dnnng  the  x^xt  decade 
if  we  are  to  have  dependable  and  proper  service. 

Over  four  thousand  new  locomotives  will  be  placed  in  service  by  our 
railways  this  year,  capable  of  developing  in  the  aggregate  over  10,000,000 
horse-power. 

The  time  has  now  arrived  when  public  opinion  regarding  the  railway 
tomqpOTtation  systems  of  this  country  and  the  operating  devices  employed 
thareon  must  be  put  strait.  Tl^re  should  be  a  campaign  for  tJie  dis- 
semination of  information  and  facts  oo&cmiing  terminal  fadlities,  extension 
of  lines,  and  reduction  of  delays,  also  as  to  the  improved  mechanical 
appliances,  that  are  vitally  necessary  to  safety  and  service,  not  alone  appli- 
cable to  locomotives  but  also  to  other  equipment,  and  the  facilities  that 
must  be  employed  to  maintain  and  keep  in  proper  repair  the  modern  high 
duty  rolling  stock  in  service,  so  that  once  more  the  general  public  will  have 
confidence  in  the  various  raUway  organizations  and  will  point  to  their  accom- 
plishments with  a  great  d^ree  of  pride.  It  is  conceded  by  the  entire  world 
tiiat  in  counlsy  we  have  the  h^^nest  p^ection  m  railway  tram^rtation, 
but  the  g^oeral  business  of  ^  eoimtiy  cannot  pn^ress  faster  than  its  tran&- 
pc»rtation  facilities  will  permit.  The  productiveness  of  our  farms  and  woi^- 
shops  will  go  for  naught  if  we  do  not  have  more  efficient  and  more  rapid 
facilities  for  the  distribution  of  our  products.  The  fundamental  of  pros- 
perity is  work,  and  work  means  that  the  producers  of  transportation  are 
public  servants  whose  business  it  is  to  serve  the  farmer  and  the  producer, 
and  those  who  are  ^igaged  in  serving  the  transportation  companies  with 
all  titdr  numerous  requirements,  from  steel  spikes  to  locomotives,  cannot 
expect  incfeasing  buaness  imlesB  tran^K^taUon  f  adlities  are  at  least  equal 
to  or  in  adi^ce  ci  tiauE^rtation  requirements. 

The  way  to  increase  prosperity  is  to  increase  our  general  business,  and 
to  promote  our  transportation  facilities  and  various  public  utilities  by  con- 
fidence and  financial  support,  coupled  with  the  creation  of  more  efficient 
and  economical  devices  in  transportation  equipment.  We  must  all  do  as 
your  speaker  has  done,  go  out  into  the  highways  and  byways  of  business, 
and  apeak  to  our  business  friends,  encourage  them  to  address  their  associates 
and  worionen  as  to  the  necessity  of  abandoning  the  demagc^ue,  poUtical  or 
o&erwise,  ssid  to  create  among  tiie  general  pubUc  a  return  d  confid^ce  in 
the  vast  army  of  T^ranc^rtation  Msmagers  ik>w  responsilde  f<ff  tiie  future 
of  our  coimtry,  and  

To  become  stockholders  in  all  public  utilities  that  contribute  to  our 
greatness,  and  especially  the  American  Railway. 

I  thank  you. 


